Abstract The experiments of two-alpha emission from 17,18 Ne excited levels were performed at the HIRFL-RIBLL facility of the Institute of Modern Physics, Lanzhou. 
Introduction
Exotic two-particle emissions from the ground and excited states of the nuclei close to and beyond the proton drip line were observed experimentally in recent years [1, 2] , and they have proven to be versatile tools to study the breakup of a quantum system into three particles. Generally speaking, the distinction of the threebody breakup can be usually made between direct and sequential two-body decay. In the direct breakup, three particles simultaneously leave the interaction region and dynamical correlations between them can be observed experimentally. With the time-projection chamber (TPC), two-proton (2p) radioactivity of 45 Fe was unambiguously identified [3] , and the angular and energy correlations between two protons were measured for the first time [4] . These correlations are predicted by a three-body hyperspherical-harmonics model [5] . In another way, sequential two-body decay is realized via a one-particle daughter state or a resonance of two particles. The only correlations originate from conservation laws for the sequential emission.
Besides proton emission, alpha emission from excited states ( 9 Be (5/2−) [6] and 12 C (1+) [7] ) were investigated as the breakup of a three-body system. In the case of the 12.71 MeV state of 12 C, although the sequential emission describes the data, it was claimed that quantum mechanical three-body models would be needed for systematic deviations.
Particle-particle interactions play a significant role in two-particle emission. Because of antisymmetric wave functions of fermions, there are strong pairing forces which may result in correlated emission in 2p decay. However, symmetric wave functions of two alphas as bosons cannot cause such an attractive interaction. In addition, Coulomb repulsion of two alphas is stronger than that of two protons. These differences of particleparticle interactions may lead to distinct patterns of two-particle emission. Exotic two-proton emission from the excited states of 18 Ne has been used to study the three-body breakup [8] . It showed that two-proton decay proceeds through a 2 He resonance (31%) for the 6.15 MeV state of 18 Ne without taking the final-state interactions (FSI) into account. Here we present studies of the three-body breakup of 18 Ne with another configuration, i.e., two-alpha (2α) emission from excited states by complete-kinematics measurements.
Experimental procedure and particle identification
The experiments were performed at the HIRFL-RIBLL spectrometer [9] of the Institute of Modern Physics (Lanzhou, China) by using the 17,18 Ne Radioactive Ion Beam (RIB) at energies of 49.9 MeV/u and 51.8 MeV/u, respectively. The secondary ions were produced by the projectile fragmentation of a primary beam 20 Ne with the energy of 78.2 MeV/u and the intensity of 10 pnA delivered by the Separate Sector Cyclotron (SSC) bombarding on a 9 Be target with the thickness of 1590 µm. Subsequently, the radioactive beams were separated by the combined B ρ − ∆E − B ρ method of a 1024 µm thick homogeneous 27 Al degrader for the isotope purification process located at the first focal plane of the RIBLL facility and a B ρ setting optimized for the 17,18 Ne transmission with the momentum acceptance of 10%. Then there were about 10 4 ions/sec on the secondary target with the purities of 17 Ne at 3% and 18 Ne at 35% of the total RIBs mixture. The Time-of-Flight (ToF) of the RIBs was measured by two scintillation detectors on the second and fourth focus plane of the RIBLL facility.
The schematic drawing of the detector array is shown in Fig. 1 . The setup placed in the chambers at the end of the RIBLL spectrometer could achieve the completekinematics measurement of all the decay products from excited states of 17,18 Ne populated by Coulomb excitation. The secondary beams were identified using a large area silicon detector (SD0, 325 µm thick) as the tagging detector to generate ∆E signals combined with ToF measurements by means of the plastic scintillators. Figs. 2 and 3 display the ∆E versus ToF matrix for the particles' identification. A total of 5.1×10 7 17 Ne and 2.1×10 8 18 Ne events were recorded for all the experiments. Two parallel plate avalanche counters (PPACs) were placed in front of the target for beam tracking, by which the interaction points would be constructed. The secondary reaction target was 197 Au with the thickness of 100 µm and the diameter of 30 mm. The reaction products including heavy fragments and light particles were identified and tracked by a multiple stack telescope of particles. Two 300 µm thick Single-sided Silicon Strip Detectors (SSSD1, 2) orthogonally displaced in front of two 325 µm thick silicon detectors (SD2, 3) were used for the construction of the particle trajectories as there were 24 strips with a 2 mm width and 0.1 mm intervals for each SSSD. The light particles, such as protons and alphas, were detected in a quadrant silicon detector (SD4) with the thickness of 1000 µm and SSSD3, 4 with the same configuration as the SSSD1, 2, then stopped in the 6×6 CsI detector array (15×15 × 20 mm), the signals of which as residual energies of light particles were read out through PIN photodiodes. The SSSD3, 4 were used for tracking the emitted light particles and measuring their energy losses combined with the SD4. Fig. 4 displays the identification spectrum of light particles emitted from the excited states of 18 Ne. The maximum of the opening angle for the detector array was ±13 o . At the beginning of the experiment, the particle telescope for heavy fragments was calibrated by the secondary beams produced by the primary beam 20 Ne at several energies through the 9 Be target with different thicknesses. The 27 Al degrader after the target was removed so that more isotopes were provided and the energy loss of these heavy ions could be distributed over all the energy range of interest. The calibration of the telescope for light particles was achieved by lightparticle beams at different energies originating from the projectile fragmentation with the B ρ setting for the particle transmission.
Preliminary results and Monte Carlo simulations
In the analyses, coincidences of heavy fragments and light particles were recorded on an event-by-event basis for the study of 2α emission from the excited states of 17,18 Ne. First, the selection of 17,18 Ne was accomplished on the two-dimensional RIB identification spectrum of ∆E (SD0) versus ToF as already mentioned. Second, the events within the 2α gate were identified by the ∆E (SSSD4) versus E r (CsI) matrix. Finally, the identification of the decay daughter nucleus, 9,10 C, was achieved with the two-dimensional ∆E spectrum of SD1 as a function of SSSD1. More details of identification of 2α emission events can be found in Ref. [10] . We can reconstruct the opening angle (θ c.m. αα ), the relative momentum (q αα = |p1 − p2|/2), the excited states (E ex ) or the invariant mass of decay products in the center-of-mass system of the parent nucleus 17,18 Ne by kinematical analyses. With these analyses the mechanisms of two-particle emission can be distinguished. Resolutions of observing variables in kinematical reconstructions are determined by energy and position resolutions of the detector array, which are about 500 keV for E ex , 5 o for θ c.m.
αα , 5 MeV/c for q αα , respectively. In order to reproduce the experimental data, Monte Carlo (MC) simulations of sequential two-body emission were carried out. Because the energies, spins and parities of the high-lying initial levels are unknown, the sophisticated calculation could not be achieved. Instead, isotropic emission (flat distributions for cos(θ) between −1 and 1 and ϕ between 0 o and 360 o respectively in spherical coordinates) from an excitationenergy region of 17,18 Ne via one-alpha daughter states ( 13,14 O * ) or a resonance of two alphas ( 8 Be: 0+, 2+) was taken into consideration in the MC code. This means that the possible angular correlations due to the angular momentum and parity conservation were neglected. In the simulation, the energy and position resolutions of the detectors, the experimental setup, and Coulomb deflections of heavy fragments were also taken into account. The MC simulation shows basically sequential two-alpha emission via In the experiment of 17 Ne, the preliminary results show the observation of 2α emission and its mechanism requires to be studied combined with the MC simulation in the future.
Conclusions
Two-alpha emission from excited states of 17,18 Ne has been observed by complete kinematics measurements in the experiments, and some new preliminary results combined with simple MC simulations show sequential 2α emission via 14 O excited states for 18 Ne. In addition, for the sake of understanding the decay dynamics of 2α decay from excited states, the direct breakups calculated by strict three-body theories (e.g., the microscopic cluster model [11] and the hyperspherical adiabatic expansion method [12] ) are needed for 2α emission although the sequential model fits the data in the 18 Ne experiment well.
